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MEASUREMENT SYSTEM FOR
DETERMINING THE STATE OF A BATTERY

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of PCT International
Application No. PCT/EP2015/069112, filed Aug. 20, 2015,
which claims priority under 35 U.S.C. § 119 from German
Patent Application No. 10 2014 218 131.3, filed Sep. 10,
2014, the enftire disclosures of which are herein expressly
incorporated by reference.

BACKGROUND AND SUMMARY OF TH.
INVENTION

T

The mmvention relates to a lead-acid battery having a
plurality of individual cells.

A conventional lead-acid battery comprises at least six
plate blocks or cells which are connected 1n series. Each cell
has a voltage of approximately 2 volts. When connected in
series 1n a standard starter battery, the cells deliver a terminal
voltage of approximately 12 volts.

The cells have a positive electrode contact and a negative
clectrode contact, the so-called connectors, on their top side.
The electrode contacts each comprise comb-like contact
clements. A plurality of positive and negative plates are
interconnected with the aid of the electrode contacts to form
plate sets. The parallel connection of the individual plates
results 1n an 1ncrease in surface size, this allowing a higher
capacitance and current-carrying capability of the arrange-
ment. The plate sets are pushed one into the other to form a
plate block. Each plate block comprises a positive plate set
with a positive electrode contact and a negative plate set
with a negative electrode contact. A negative plate includes
an electrode grid which 1s composed of lead. The negative
orid also has an electrode contact element which 1s part of
the negative electrode contact. The negative plate has an
active material layer which 1s composed of amorphous lead
which sheaths the negative grid. A positive plate usually has,
if the lead-acid battery 1s designed as an absorbent glass mat
battery, an absorbent microglass mat layer which serves as
a separator 1n order to separate the negative and the positive
plate and thereby prevent a short circuit between the two
plates. Furthermore, the positive plate also has a positive
clectrode grid which 1s composed of lead. The positive
clectrode grid likewise includes an electrode contact ele-
ment. The positive grid 1s encased by a lead oxide layer as
active matenal, said lead oxide layer for its part being
surrounded by the absorbent microglass mat layer. The
glass-fiber separators bind the electrolyte, the sulfuric acid,
so that 1t 1s no longer moveable, that 1s to say cannot flow
out.

As an alternative, a lead-acid battery may also be 1n the
form of a wet-cell battery. In this case, the described
absorbent glass-fiber mat 1s dispensed with and the electro-
lyte, the sulfuric acid, 1s located in unbound form between
the mdividual plates of the battery. Here, electrical insula-
tion of the plates 1s usually performed by a separator which
1s composed of polyethylene. In this case, it 1s important that
the battery does not exhibit any leaks since otherwise
escaping sulfuric acid could lead both to damage 1nside the
battery and outside the battery.

Voltages of lead-acid batteries are conventionally only
measured as a total voltage. The individual voltages of the
individual cells, which together form the lead-acid battery,
are not measured. Therefore, fault diagnosis 1s made more

10

15

20

25

30

35

40

45

50

55

60

65

2

difficult when, for example, the aim 1s to ascertain whether
one of the individual cells of a lead-acid battery 1s defective
and which of the individual cells of a lead-acid battery 1s
defective.

DE 603 14 825 T2 describes an apparatus for charging
and monitoring a motor-vehicle starter battery. In this case,
individual voltages are tapped off. However, measurement
and diagnosis take place centrally. One disadvantage of an
arrangement of this kind 1s that openings have to be formed
in the battery for the supply lines for the taps to the
individual electrodes. These opemings are generally suscep-
tible to corrosion and leakages. However, leakages would
lead to the problems described above. In addition, an
arrangement of this kind 1s relatively complex 1n respect of
manufacture since some production steps have to be modi-
fied or added. Integration 1nto a conventional manufacturing
process, and therefore industrial feasibility, 1s therefore
possible only with difliculty and 1s laborious.

Consequently, the object of the invention 1s to develop a
lead-acid battery having a plurality of individual cells, 1t
being possible to easily monitor the Tunction of the lead-acid
battery and the lead-acid battery being easy to manufacture
and at the same time being robust.

This and other objects are achieved according to the
invention by a lead-acid battery having a plurality of indi-
vidual cells, and a plurality of measurement circuits which
are mounted on the respective individual cells 1n a manner
integrated in the lead-acid battery. The measurement circuits
are designed to measure a respective individual cell voltage.
A method 1s also provided for measuring individual cell
voltages of the lead-acid battery.

The lead-acid battery according to an embodiment of the
invention has a plurality of individual cells and a plurality of
measurement circuits, also called voltage measurement
devices, which are mounted on the respective individual
cells 1n a manner integrated i1n the lead-acid battery and
which are designed to measure a respective individual cell
voltage.

In the method according to an embodiment of the inven-
tion for measuring individual cell voltages of a lead-acid
battery having a plurality of measurement circuits which are
integrated in the battery and are arranged on the individual
cells, the respective individual cell voltages are measured
using the measurement circuits.

The lead-acid battery according to the mmvention prefer-
ably has cell connectors which electrically connect the
positive electrodes and the negative electrodes of the indi-
vidual cells, wherein the measurement circuits are each
clectrically connected to the cell connectors. The measure-
ment circuits can be fixed, for example, on the cell connec-
tors, also called tlag connectors. Said measurement circuits
can also be arranged between the flag connectors. The
measurement circuits can be fixed, for example, by welding,
soldering or adhesive bonding. The measurement circuits
are preferably arranged on printed circuit boards which, for
their part, are fixed to the cell connectors in the explained
mannet.

The measurement circuits each particularly preferably
have at least one contact-maker which electrically contact-
connects the respective measurement circuit to at least one
cell connector. The contact-maker can be, for example, a
flexible contact-maker. Particularly 1n the case of a wet-cell
battery, 1t 1s advantageous when the contact-maker 1s acid-
resistant.

In a particularly practical variant of the lead-acid battery
according to the mnvention, the measurement circuits each
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comprise an energy supply interface which 1s electrically
connected to the cell connectors.

Since the electrical voltage available from the individual
cells amounts to only approximately 2 V, it 1s expedient that
the measurement circuits each comprise a charge pump with
which a supply voltage which 1s applied to the energy supply
interface of the respective measurement circuit can be
increased, since measurement circuits are usually operated
with higher voltages than 2 V. As an alternative or in
addition, the energy supply interface can also be electrically
connected to an auxiliary battery as energy supply. As a
turther alternative or in further addition, the energy supply
interface can be electrically connected to an inductive
energy transmission component by which the measurement
circuit 1s supplied with electrical energy mm a wireless
manner. In this varniant of the energy supply, the electrical
energy can be transmitted to the measurement circuit, for
example, by use of a reading-out device. While the mea-
surement data which 1s detected by the measurement circuit
1s detected, for example 1n an inductive or capacitive man-
ner, by the reading-out device, energy 1s at the same time
transmitted, for example 1n an inductive or capacitive man-
ner, to the measurement circuit.

By way of example, the measurement circuits each
include a microcontroller for processing and/or storing mea-
surement data. A microcontroller comprises both a processor
and also peripheral units on a chip and 1s normally matched
to a specific task field. The use of the microcontroller allows
eilicient and cost-eflective data processing. Measurement
data can optionally be stored by the measurement circuit. As
an alternative, measurement data can also be stored exter-
nally, that 1s to say outside the cells of the lead-acid battery.

The current cell voltage can be detected 1n a cascaded
manner for example. This means that a current cell voltage
1s measured or detected only up to a degree of accuracy
which 1s defined by two threshold values. In the case of this
kind of data detection, data processing and transmission can
be realized with a low level of expenditure or 1n a narrow
band. As an alternative, continuous cell voltage measure-
ment, that 1s to say measurement of exact voltage values of
the mdividual cells, can also be implemented. It may pos-
sibly also suflice to provide only some of the cells with
measurement circuits and to measure only the cell voltages
of some of the cells. By way of example, when there are six
cells, 1t suflices to measure only the voltage of five cells and
to calculate the voltage of the sixth cell from the total
voltage.

The individual measurement circuits can each include a
data transmission device for transmitting measurement data
in a wire-free manner. In this case, data transmission can be
realized by modulation of a carrier signal with a measure-
ment value. The type of modulation used can be, for
example, amplitude modulation or frequency modulation,
pulse code modulation or the like. As an alternative, data
transmission can also be realized with the aid of a change in
frequency. Thereby, discrete measurement values can be
coded by means of frequency assignment. Cascading (com-
bination) of measured voltage values to form voltage ranges
can be realized here. These ranges are output over defined
frequencies. In an alternative variant of the arrangement
according to the mvention, data transmission can also take
place by means of Radio Frequency Identification (RFID).
Using this technology, data 1s transmitted 1n a contact-free
manner and without visual contact from a data carrier, the
so-called transponder or tag, to an RFID reading device and
vice versa. An i1dea on which the mvention i1s based 1s
carrying out the voltage measurement of the imndividual cell

10

15

20

25

30

35

40

45

50

55

60

65

4

"y

voltages without adversely aflecting the encapsulation of the
battery. Therefore, additional data transmission lines are
advantageously avoided 1n line with this concept owing to
the use of wire-free data transmission.

The lead-acid battery according to the invention may, for
example, be 1n the form of a wet-cell battery, 1n the form of
an AGM battery or in the form of a lead-gel battery. An
AGM battery 1s intended to be understood to mean lead-acid
batteries with absorbent mat separators which were dis-
cussed 1n detail 1n the mtroductory part. Particularly in the
case of the design as an AGM battery, rapid diagnosis of a
conventional lead-acid battery does not function in a reliable
manner. However, reliable diagnosis can be ensured with the
measurement according to the mvention of individual cell
voltages.

Other objects, advantages and novel features of the pres-
ent invention will become apparent from the following
detailed description of one or more preferred embodiments
when considered in conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic illustration of a lead-acid battery
according to an exemplary embodiment of the mvention.

FIG. 2 1s a schematic illustration of a voltage measure-
ment device according to an exemplary embodiment of the
invention.

FIG. 3 15 a flowchart of a measurement method according,
to an exemplary embodiment of the mmvention.

DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a perspective view of an open and sectioned
lead-acid battery 1 according to an exemplary embodiment
of the invention. The battery 1 has a housing 2 1n which a
plurality of cells 4, each having a plate set with positive and
negative plates, 1s arranged. The cells 4 are each separated
from one another by separating walls 26, but are electrically
connected by way of cell connectors which are formed by
clectrodes 6 and intercell connectors 27 which run on the
plate sets. The cells 4 are alternately welded-through by
means of intercell connectors 27, so that the individual cells
4 are connected 1n series. A positive electrode contact pole
25 can be seen i1n the foreground. The positive electrode
contact pole 1s connected to a generator and electrical
assemblies to which power 1s to be supplied, for example 1n
the on-board vehicle electrical system. A voltage measure-
ment device 8 1s arranged on the negative electrode 6. The
voltage measurement unit comprises, for example, a mea-
surement contact for a positive voltage (not shown) and a
measurement contact for a negative voltage (not shown). In
this case, the measurement contact for a positive voltage 1s
directly electrically connected to the positive electrode 5 by
way of an electrical connecting line 7, and the measurement
contact for a negative voltage 1s directly electrically con-
nected to the negative electrode 6. Further voltage measure-
ment devices are located on the other cells. For example, a
second voltage measurement device 8 can be seen on the
positive electrode of a second cell 4. The voltage measure-
ment devices 8 can additionally also have an energy supply
interface (not shown) with contacts for electrical energy to
be supplied to them. In this case, the voltage measurement
devices 8 can draw the energy directly from the cells 4 which
are respectively associated with them by way of the contacts
for voltage measurement.
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Furthermore, FIG. 1 shows a cover 3 of the lead-acid
battery 1, which cover can be welded to the housing 2 in
order to hermetically seal off the battery 1, so that no
clectrolyte can escape.

FIG. 2 illustrates, in detail, one of the voltage measure-
ment devices 8 shown 1n FIG. 1. The voltage measurement
device 8 shown includes a first measurement contact 9
which 1s electrically connected to the electrical connecting,
line 7 to a positive electrode 5 (not shown) of a cell. The
voltage measurement device 8 has a second measurement
contact 10 which 1s electrically connected to a negative
clectrode 6 (not shown) of a cell 4 (not shown). The
potentials of the electrodes 5, 6, which potentials are
detected at the measurement contacts 9, 10, are transmitted
to a microcontroller 11 by way of transmission lines 12, 13.
The microcontroller 11 processes the detected potential data.
By way of example, the detected mformation 1s converted
into digital data and then evaluated. For example, a cell
voltage U__,; 1s determined from the detected potentials of
the electrodes of the cell. The determined data 1s then
processed further. By way of example, the determined cell
voltage or the determined cell voltage value U__,; 1s stored,
together with an associated time t__ . 1n a data memory
21. In addition, the determined or stored data 1s transmitted
to an external data detection device (not shown), which 1s
positioned outside the lead-acid battery, by means of a radio
data transmission unit 24. The radio data transmission unit
24 can, for example, be m the form of an RFID data
transmission device. The radio data transmission unit 24 1s
connected to the microcontroller 11 by way of a data
transmission line 23.

Furthermore, the voltage measurement device 8 can have
an energy supply interface 14. The energy supply interface
14 1s electrically connected to the measurement contacts 9,
10, for example, by way of contact lines 16, 17. Since, for
example, only a voltage U___  of approximately 2 V 1s
applied to an individual cell of a lead-acid battery, but the
clectronic components of the measurement circuit 8 usually
require a higher supply voltage, the voltage U_ ___ _ which
1s tapped ofl at the measurement contacts 9, 10 1s trans-
formed to a higher supply voltage U_ 1n a charge pump 15.
The higher supply voltage corresponds to a voltage with
which, for example, the microcontroller 11 can be operated.
The electrical supply voltage U_ generated 1s applied to a
supply voltage intertface 20 of the microcontroller 11 by way
of supply voltage lines 18, 19. If necessary, further elec-
tronic components can also be supplied with electrical
energy by means ol the energy supply interface 15. As an
alternative, the cell voltage to be measured can also cause
mechanical changes to elements. This change can then be
transmitted and evaluated i1n a contact-free manner as an
(analog) state indicator.

FIG. 3 illustrates a flowchart showing a method for
measuring individual cell voltages of a lead-acid battery
having a plurality of measurement circuits which are inte-
grated in the battery and arranged on the individual cells,
according to an exemplary embodiment of the invention. In
step 3.1, the potential values W ., which are applied to the
measurement contacts, of the potentials of the electrodes of
the individual cells of a lead-acid battery are detected. In
step 3.II, the detected values are converted into digital
potential values W,,. In step 3.III, a voltage value 1s
determined as cell voltage value U__,, on the basis of the
digital potential values W ... In step 3.1V, the determined
cell voltage value U__,, 1s stored together with a detected
measurement ttime t____ . A plurality of measurement data
items which are detected over a specific time period and are
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stored form a measurement datasetD____ . Instep 3.V, the
detected and stored measurement data or a stored measure-
ment data set D, ___ _ which comprises, 1n particular, the
determined and stored cell voltage values U__,, and mea-
surement times t____  for a specific time period are trans-
mitted to an external data detection device.

Finally, 1t 1s once again pointed out that the components
illustrated 1n the figures and the method described in detail
are merely exemplary embodiments which can be modified
in many respects. Furthermore, for the sake of completeness,
it 1s also pointed out that the use of the indefinite articles “a”
and “an” does not preclude the features 1n question from also
being present several times. Similarly, the term “unit™ does
not preclude this from also consisting of a plurality of
subunits.

The foregoing disclosure has been set forth merely to
illustrate the mnvention and 1s not intended to be limiting.
Since modifications of the disclosed embodiments incorpo-
rating the spirit and substance of the mvention may occur to
persons skilled 1n the art, the invention should be construed
to include everything within the scope of the appended

claims and equivalents thereof.

What 1s claimed 1s:

1. A lead-acid battery, comprising:

a plurality of individual plate block cells separated by

separating walls extending internal to a common hous-
ing of the lead-acid battery, each cell comprising: a
positive plate set having a positive electrode, and a
negative plate set having a negative electrode; and

a plurality of measurement circuits, each measurement

circuit being mounted on a respective individual cell 1n
a manner integrated 1n the lead-acid battery,

wherein the measurement circuits are configured to mea-

sure a respective individual cell voltage.

2. The lead-acid battery according to claim 1, further
comprising;

cell connectors which electrically connect the positive

clectrodes and the negative electrodes of the plurality
of individual cells, wherein the measurement circuits
are each electrically connected to the cell connectors.

3. The lead-acid battery according to claim 2, wherein the
measurement circuits each comprise at least one contact-
maker that electrically contact-connects the respective mea-
surement circuit to at least one cell connector.

4. The lead-acid battery according to claim 3, wherein the
measurement circuits each comprise an energy supply inter-
face electrically connected to the cell connectors.

5. The lead-acid battery according to claim 2, wherein the
measurement circuits are each mounted on one of the cell
connectors.

6. The lead-acid battery according to claim 5, wherein the
measurement circuits each comprise an energy supply inter-
face electrically connected to the cell connectors.

7. The lead-acid battery according to claim 1, wherein the
measurement circuits each comprise a charge pump with
which a supply voltage applied to an energy supply intertace
of the measurement circuit 1s increasable.

8. The lead-acid battery according to claim 1, wherein the
measurement circuits each comprise an energy supply inter-
face which 1s electrically connected to an auxiliary battery as
an energy supply.

9. The lead-acid battery according to claim 1, wherein the
measurement circuits each comprise an energy supply inter-
face which 1s electrically connected to an inductive energy
transmission component by which the measurement circuit
1s supplied with electrical energy in a wireless manner.
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10. The lead-acid battery according to claim 1, wherein
the measurement circuits each have a microcontroller for
processing and/or storing measurement data.

11. The lead-acid battery according to claim 10, wherein
the measurement circuits each comprise a data transmission 3
device for transmitting measurement data 1n a wireless
manner.

12. The lead-acid battery according to claim 1, wherein
the measurement circuits each comprise a data transmission
device for transmitting measurement data 1n a wireless 10
manner.

13. The lead-acid battery according to claim 1, wherein
the battery 1s a wet-cell battery, an AGM battery or a lead-gel
battery.

14. A method for measuring individual cell voltages of a 15
lead-acid battery comprising a plurality of individual plate
block cells separated by separating walls extending internal
to a common housing of the lead-acid battery, each cell
comprising: a positive plate set having a positive electrode,
and a negative plate set having a negative clectrode, the 20
method comprising the acts of:

providing a plurality of measurement circuits, each mea-

surement circuit being mounted on a respective ndi-
vidual plate block cell of the lead-acid battery; and

measuring the individual cell voltages via the plurality of 25

measurement circuits.
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